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human fibrinogen is commonly divided into three stages (Marder, Shulman, and Carroll, 1967) ; stage 3 has been defined as the absence of intermediate products X and Y and the presence of fragments D and E. Stage 3 proteolysate is as reactive as unaltered fibrinogen in All (Merskey, Kleiner, and Johnson, 1966; Marder, 1971b; Donati, Vermylen, and Verstraete, 1971b) . A stage 4 can be defined as the stage at which a distinct (eight-or tenfold) drop of reactivity of the proteolysate in AII is found.
The Process of Agglutination
Red blood cells (Merskey et al, 1966) or latex particles (Allington, 1971 ) coated with fibrinogen are widely used to detect the presence of unbound antibody in mixtures of an unknown amount of FR-antigen and a fixed amount of antifibrinogen antiserum. It is still quite unclear which type of antibody in the antiserum is involved in agglutinating red cells or latex particles coated with fibrinogen, and therefore also which antigen of fibrinogen corresponds to FR-antigen. While all authors agree that the antigenic determinants of fragment E are not measured with these methods, there is a marked discrepancy of opinion with regard to fragment D. Marder (1971b) reported that fragment D is nearly as reactive as fibrinogen, whereas our group (Donati, Molla, and Vermylen, 1971a) found that fragment D was inefficient in inhibiting haemagglutination; Feddersen and Gormsen (1971) also found that fragment D inhibits very poorly haemagglutination in the tanned red cell haemagglutination inhibition immunoassay (TRCHII); Thuot and Larrieu (1971) stated that fragment D is partly detected with the TRCHII. It therefore seems doubtful that antigenic determinants d correspond to FR-antigen. Further evidence for this conclusion was provided by the observation that in a stage 4 proteolysate the concentration of antigenic determinants d and e, measured by quantitative immunoprecipitation, was unchanged while the FR-antigen content appeared markedly reduced (Molla, Donati, Dotremont, and Vermylen, 1971) . Furthermore, careful successive absorption of total antifibrinogen with purified fragments DYand E resulted in an antiserum which no longer produced precipitin lines with fragment D or E but was virtually as active as the total antifibrinogen in producing agglutination of tanned red cells coated with fibrinogen (Donati et al, 1971a) . Finally, DEAE-cellulose chromatography seemed to allow partial separation of the FR-antigen from determinants d (Donati et al, 1971a) .
Two possibilities were then considered: (1) the fibrinogen fragment carrying the FR-antigen is distinct from fragments D and E; (2) fragment D would carry, besides antigenic determinants d, the FR-antigen; the latter would have a reduced affinity for its antibody following very extensive fibrinogen proteolysis. In order to distinguish between both possibilities, several attempts to separate fragment D from the fragment carrying the FRantigen were undertaken using different techniques. In addition, experiments were performed with absorbed fibrinogen antisera.
Materials and Methods

PREPARATION OF FIBRINOGENOLYSATE
Purified human fibrinogen and human plasmin were a gift of Kabi (Stockholm). Solutions of 5 mg clottable protein per ml 0-2 M Na2HPO4-04 M NaCl buffer, pH 8-0, were incubated at 37°C with plasmin (0 4 CTA units/ml, final concentration) during eight hours for preparation of stage 3 and during 24 hours for preparation of stage 4 proteolysate. The pH of the digestion mixture remained constant during the proteolysis. DEAE-cellulose chromatography DEAE-cellulose chromatography of fibrinogenolysate was performed as previously described (Donati et al, 1971a) .
Sephadex G-75 gel chromatography Sephadex G-75 gel chromatography was performed at room temperature through a 2 5 x 45 cm column (Pharmacia, Uppsala) eluted with the phosphate saline buffer pH 8-0 mentioned above. Six-ml samples were applied and 6-ml fractions collected with a LKB Ultrarac 2000-2 fraction collector. The light absorbence of the eluates was read at 280 nm. FR-antigen and precipitating antigenic determinants in the eluates were detected with respectively the TRCHII (Merskey, Lalezari, and Johnson, 1969) and the radial immunodiffusion method (Mancini, Vaerman, Carbonara, and Heremans, 1964) . The values obtained were transformed into ,ug/ml fibrinogen-related material by simultaneous measurement of dilutions of a plasma standard with known fibrinogen content. Precipitation Ammonium sulphate precipitation was performed at room temperature by adding an increasing amount of fibrinogenolysate (from 0-1 ml to 0 9 ml) to a decreasing amount of saturated ammonium sulphate (from 0 9 ml to 0-1 ml), so that the total volume of the mixture always was 1 ml. The precipitate obtained after at least one hour was dissolved in phosphate saline buffer and tested for light absorbence at 280 nm and for reactivity in the TRCHII.
Electrophoresis
Pevikon block electrophoresis was performed as described by Marder, James, and Sherry (1969a) . One gram human fibrinogen (Kabi) was dissolved in 100 ml 0'025 M sodium citrate; after digestion during eight or 24 hours with plasmin, the fibrinogenolysate was concentrated by dialysis agains polyethylene glycol to a volume of 10 to 20 ml and then dialysed twice against 0 05 M veronal hydrochloric acid buffer pH 8-2. The sample then was applied with a syringe in a 10 cm long slit made at one extremity of the Pevikon block. Electrophoresis was carried out at room temperature with a constant circulation of cold water beneath the Pevikon block and at a constant current of 50 mA for 48 hours. Progression of the separation was checked every 12 hours by contact impressions with filter paper strips, which were then stained with Amido black.
At the end of the separation procedure the Pevikon block was cut: the portion containing the D band in five segments of I cm width and that containing the narrower E band in three equal segments. Protein was eluted from each segment of Pevikon with 2% NaCl; the eluates were filtered through Jenaer 3D5 glass funnels, were concentrated by dialysis against polyethylene glycol and centrifuged at 25 000 rpm for 30 minutes in a Beckman model L2-65B ultracentrifuge to remove very small particles of Pevikon. The concentration of D and E products was measured by their light absorbence at Carroll, 1969b) . The purity of the fragments was checked by immunoelectrophoresis against antihuman fibrinogen antiserum (Hyland). Immunoelectrophoresis was performed as described by Scheidegger (1955) . The segment of the Pevikon block between D and E was also eluted as described for the D and E areas. On each eluate of the Pevikon block the FR-antigen and precipitating antigenic determinants were quantitated respectively with the TRCHII and the radial immunodiffusion method.
Results
ATTEMPTS TO SEPARATE FR-ANTIGEN FROM FRAGMENT D
Ammonium sulphate precipitation This revealed that 30% saturation of a stage 3 proteolysate with ammonium sulphate resulted in complete precipitation of FR-antigen.
The FR-antigen disappeared completely upon heating a stage 3 proteolysate at 56°C for 30 minutes.
DEAE-cellulose chromatography of stage 3 proteolysates Following adsorption of a stage 3 fibrinogenolysate on DEAE-cellulose, three protein peaks are eluted by a salt gradient. The first does not contain material reacting immunologically and consists of small fragments previously termed A, B, and C by Nussenzweig and Seligmann (1960) . The second and third peaks are constituted by fragments D and E respectively, as verified by immunoelectrophoresis. (fig 1) , in two experiments a dissociation of the elution position was observed. One of these has already been reported in detail (Donati et al, 1971a) . The other experiment is illustrated in fig  2: whereas fragment D is eluted as a fairly symmetrical peak (measured as optical density or as immunoprecipitating material), FR-antigen is eluted in two peaks; the second and highest peak coincides with the descending limb of the protein peak.
Sephadex G-75 gel filtration ofproteolysates Previous work from this laboratory had shown that, upon gel chromatography of a stage 3 proteolysate through 6% agarose, the elution position of FRantigen coincided with that of the largest fragments in the mixture (fragments D and E). However, this gel is not particularly suited for separation of molecules the size of D or E fragments. This experiment therefore was repeated using a column of Sephadex G-75. Two typical experiments are shown in figure 3 . The left half represents a stage 3 proteolysate; a very sharp protein peak is found: the elution position of fibrinogen antigenic material, measured with the TRCHII or radial immunodiffusion, almost coincides; immunoelectrophoresis shows that fragments D and E are present in all fractions; the right half represents a stage 4 proteolysate; the protein peak is broader and slightly asymmetrical; the same is true formaterialreacting in the radial immunodiffusion test; immuno- and allowing the precipitate to form for 24 hours at 4°C, an antiserum was obtained which did not form precipitin lines with fragment D but was as effective as the unabsorbed antiserum for agglutinating red cells coated with human fibrinogen. Agglutination by the antiserum could, however, be abolished by mixing 0-8 ml of the fragment D solution with 0-2 ml antifibrinogen.
Discussion
Fragment D is thermolabile (Nussenzweig et al, 1961) and precipitated by saturation of the solution to 30 % with ammonium sulphate (Marder, 1971a (Molla et al, 1971 ). The antigenic determinant d2 would seem to be distinct from the specific antigenic determinant of the D:E complex (Plow and Edgington, 1972) since fragment D, isolated from a stage 3 digest and devoid of detectable E, inhibits effectively agglutination by antihuman fibrinogen antibody (Marder, 1971 ; this study), and since recombination of fragments D and E does not increase the amount of FR-antigen measured (Donati et al, 1971a ; this study). The antigenic determinant d2 is clearly distinct from the stable cleavage associated neo-antigen, present in fragment D (Plow and Edgington, 1973) 
